order to gain a reasonable balance between necessary staging information and unnecessary treatment-related morbidity.
Jutta Engel
The number of positive lymph nodes is the strongest prognostic factor for survival in invasive breast cancer, supported by data from the Munich Cancer Registry (MCR) [1] ( fig. 1 ) . However, the role of diagnostic or even therapeutic lymph node surgery is questionable, since evidence strongly supports the hypothesis that cancer cells that have migrated and already established locoregional metastases no longer metastasize [2, 3] . Improved systemic treatment in recent decades [4] and the increasing impact of molecular (intrinsic) subtypes on systemic treatment decisions [5] are further arguments against surgical treatment of regional lymph nodes. Figure 2 shows that even within the patient group with 1-3 affected lymph nodes, prognosis differs by intrinsic subtypes, in this case distinguished by their immunohistochemical surrogate.
'In early breast cancers with clinically uninvolved lymph nodes, findings show that long-term survival does not differ after axillary radiotherapy (RT) and axillary dissection. The only difference is a
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Summary
Although the majority of breast cancer patients are clinically node-negative (cN0) at diagnosis, 15-20% will have a metastatic sentinel lymph node (SLN, pN1(sn)). While a less radical approach regarding axillary surgery in cN0 patients with a positive SLN biopsy is advocated, the limitations of 5 published trials on axillary management in pN1(sn) are discussed intensely in the literature and support the performance of ongoing validation and extension trials, especially considering the lack of data in the setting of mastectomy. As locoregional radiotherapy has a significant effect on both recurrence and survival, a standardization of locoregional radiotherapy in the situation of SLN biopsy alone in pN1(sn) patients has to be defined in the future, and de-escalation trials should embrace a truly multidisciplinary approach. This is also of utmost importance considering the fact that high-volume nodal disease requires an intensified adjuvant chemotherapy strategy to which patients omitting axillary dissection cannot be stratified. Finally, there is mounting evidence that the therapeutic role of extensive axillary surgery in low-volume nodal disease is negligible, and multidisciplinary and translational efforts must be undertaken to individualize treatment in 332 better axillary control in the group with axillary dissection' [6] . Since several studies have already shown that surgical removal of regional lymph nodes does not translate into a survival benefit, evidence suggesting that irradiation of regional lymph nodes should improve patients' outcome, even if only marginally, is puzzling [7, 8] .
According to recent evidence, irradiation of lymph nodes reduces regional recurrence [7, 8] , an effect limited to the hormone receptor-negative subgroup [8] . The reason for this is currently inadequately explored and could be further questioned. Whether an immune reaction is triggered by the irradiation of lymph nodes with a subsequent effect on distant metastases remains to be discussed, especially with regard to increasingly better systemic immunotherapy. In addition, there is no evidence supporting an early effect of regional radiation on the prevention of distant metastases [8] , while the median growth time from initiation of distant metastases to their diagnosis is about 5 years or even more [9] . In summary, surgical removal of regional lymph nodes seems unreasonable, even in patients with 1-3 positive lymph nodes. Regarding the irradiation of regional lymph nodes, too many open questions remain. If any implications for medical practice could be derived from the evidence presented, one could consider and further discuss regional irradiation in the subgroup of hormone receptor-negative tumors until causality is clarified. 333 investigated in 5 randomized controlled trials, recently reviewed by Schmidt-Hansen et al. [10] . In summary, no differences in survival or recurrence rates were observed between SLN biopsy alone, SLN biopsy followed by axillary radiotherapy (ART), and SLN biopsy followed by completion axillary lymph node dissection (cALND). Morbidity, however, increases in the case of ART and especially cALND when compared to SLN biopsy alone.
What is the
Previous Clinical Trials for cN0pN1(sn) Patients
The ACOSOG Z0011 trial randomized nearly 900 patients with cT1-2 cN0 cM0 breast cancer and 1-2 metastatic SLNs treated with breast-conserving surgery (BCS) to either no further axillary surgery or cALND. No differences in recurrence or survival rates were detected. Target enrolment was 1,900 women, but the trial closed early due to lower than expected accrual and event rates [11] [12] [13] . Because a significant proportion of patients were treated with high tangents or direct nodal irradiation via a third field, a local effect on the axilla through RT could not be excluded; however, protocol violations were balanced between the 2 study arms [14] .
The randomized non-inferiority trial IBCSG 23-01 compared cALND versus SLN biopsy alone in patients with one or more micrometastatic SLNs [15] . This trial did not meet its accrual goal either (target: n = 1,960; reported: n = 934), but its results do not support cALND in the case of SLN micrometastases [16] .
Analogous to IBCSG 23-01, the small multicenter AATRM 048/13/2000 trial compared cALND with SLN biopsy alone in the case of SLN micrometastases (n = 233). No differences in survival were reported [17] .
Importantly, all 3 trials randomized patients only after the results of SLN biopsy were known, which puts these trials at risk of recruitment bias such that patients perceived to be at higher risk may not have been invited to participate.
In the EORTC 10981-22023 AMAROS trial, patients with earlystage breast cancer and positive SLN biopsy were randomized between cALND and ART (n = 1,425) [18] . Owing to the equal survival outcome in both groups, irradiation of axillary nodes is considered a valid alternative to cALND in SLN-positive cases.
The smaller single-center OTOASOR (Optimal Treatment Of the Axilla -Surgery Or Radiotherapy) trial, randomizing between cALND and regional nodal irradiation (RNI) in patients with SLN metastasis, reached similar results [19] .
In the 2 latter trials, randomization was performed before SLN biopsy so that the risk of recruitment bias was significantly reduced.
Proportion of Micro-and Macrometastases
Those trials comparing cALND versus SLN biopsy alone recruited mainly patients with SLN micrometastases: in AATRM and IBCSG, only micrometastases were allowed, and in ACOSOG Z0011, the rate of SLN micrometastatic disease was considerable (44.8% for SLN biopsy alone vs. 37.5% for cALND; p = 0.05).
In the OTOASOR trial, the mean number of removed positive SLNs was significantly different between study groups (1.36 for cALND vs. 1.17 for RNI; p = 0.001), and the axillary tumor burden in the cALND arm was extensive compared with AATRM, IBCSG 23-01, or Z0011 (25% pN1mi, 53% pN1a, 17% pN2a, and 5% pN3a). Surprisingly, the proportion of largest SLN metastasis in AMAROS is comparable to the Z0011 population: 59-62% macrometastasis, 29% micrometastasis, and 10-12% isolated tumor cells.
Proportion of Breast-Conserving Therapy versus Mastectomy
A major remaining question is axillary management in cN0 pN1(sn) patients undergoing mastectomy. While ACOSOG Z0011 did not allow inclusion of mastectomy patients, IBCSG 23-01 was open for inclusion of both BCS and mastectomy. Interestingly, the rate of mastectomy patients remained at a low 9% (86 patients overall). Likewise, AATRM 048/13/2000 included only 18 (7.7%) mastectomy patients. AMAROS reached the highest proportion of mastectomy patients yet with 248 (17.4%) cases, tightly followed by OTOASOR with 15.6% (74 cases only). Partly, this skewed representation of mastectomy patients in trials allowing for their inclusion may be explained by selection bias, but eligible tumor diameter certainly also played a significant role. This could explain low mastectomy rates in the 2 trials with an upper eligible tumor size of 3 cm (OTOASOR) and 3.5 cm (AATRM 048/13/2000) but leaves some doubt about selection bias in the AMAROS and IBCSG 23-01 trials, both allowing tumor sizes of up to 5 cm in diameter. Thus, ongoing trials that do include mastectomy patients are important to guide future axillary management in this subgroup.
Significance of Unintentional Radiotherapy to Axillary Lymph Nodes
In the context of BCS, axillary recurrence is reduced by postoperative whole breast irradiation (WBI) even in patients with pN0(sn) [20] . In practice, there is significant unintentional irradiation at least to level I of the ipsilateral axilla even with standard tangents [21] . This might contribute to the unexpectedly low axillary recurrence rate after SLNB alone in the ACOSOG Z0011 trial despite a 27% rate of non-SLN metastasis in the control arm [14] .
Z0011 results for patients with 1-2 positive SLNs in the case of BCS were accepted postulating postoperative conventionally fractionated WBI [22] . Current 3-dimensional RT shows a similar overlap with axillary fields [23] , while intraoperative partial irradiation seems to lack the protective effect that WBI can offer [24] . There are no data available for SLN biopsy alone in pN1(sn) and hypofractionated RT. Likewise, the development of modern RT techniques may reduce unintentional irradiation of the axilla with unclear consequences.
In various ongoing studies (e.g., POSNOC, SENOMAC, IN-SEMA), ascertainment of the actually administered RT dose to each axillary level and a central review of radiation treatment plans are integrated into the study protocols. Little data exists regarding incidental doses delivered by tangents to the axilla in patients undergoing post-mastectomy RT in the era of modern techniques. POS-NOC and SENOMAC should give an answer to this open question.
Should Axillary Management Options Consider Tumor Molecular Subtypes?
The human epidermal growth factor receptor 2(HER2)-overexpressing and triple-negative molecular subtypes pose a higher risk for locoregional recurrence [25] . Triple-negative breast tumors, however, have the lowest risk of high-volume nodal involvement of all molecular subtypes [26] . It is a significant clinical question whether specific subtypes may need differential consideration when deciding on axillary management in pN1(sn) cases. In order to guide axillary treatment decisions in this scenario, several nomograms have been developed to predict the status of non-SLN. One of these is the Memorial Sloan Kettering nomogram [27] , taking into consideration all known risk factors for non-SLN metastases: tumor characteristics such as size, type, grade, estrogen receptor (ER) status, and lymphovascular invasion, SLN characteristics (size, method of detection, number of positive SLNs, extracapsular invasion), and the number of negative SLN removed. The accuracy of most nomograms to identify cases with non-SLN metastases, however, is judged to be 70-80%, and they can therefore only be seen as supportive information in a multivariable setting. Likewise, even if molecular subtypes are an integral part of predictive tools, they cannot by themselves serve to guide axillary treatment decisions.
Current Trials
Four ongoing randomized trials assessing axillary management in cN0 pN1(sn) were discussed in a recent review [28] . Despite their different designs and target populations, these trials (POSNOC [29] , INSEMA [30] , SENOMAC [31] , and SINODAR ONE [32] ) should be able to answer whether omission of cALND is oncologically safe even in larger tumors (T3, SENOMAC), in the presence of more than 2 SLN metastases (INSEMA), in mastectomy patients (SENOMAC, POSNOC, SINODAR ONE), and in the case of extranodal extension. Significant heterogeneity in proposed RT may call for a pooled analysis in a larger setting in order to define the impact of unintentional and intentional axillary irradiation.
What is the Best Management of cN0pN1(sn) Breast Cancer Patients from the View of the Medical Oncologist?
Marcus Schmidt
From the viewpoint of a medical oncologist, knowing the extent of axillary involvement is crucial. Clearly, the most obvious distinction is between node-negative and node-positive. However, the number of involved lymph nodes is also important when considering the most appropriate therapy.
In order to avoid over-as well as under-treatment, it is advisable to select the appropriate treatment strategy on the basis of a careful risk assessment for each individual patient. Even though adjuvant therapeutic strategies rely on ER and HER2, the number of involved lymph nodes is still important for clinical decision making. ER-positive/HER2-negative patients with limited involvement of axillary lymph nodes, for example, might be spared adjuvant chemotherapy if the tumor biology is favorable [33] . Conversely, in ER-positive patients with limited involvement of lymph nodes but either an adverse tumor biology or more than 3 involved axillary lymph nodes, adjuvant chemotherapy is indicated. Regardless of the ER status, the number of involved lymph nodes is important to tailor chemotherapy appropriately.
Based on the concept of dose-dense and sequential chemotherapy, node-positive breast cancer patients were randomly assigned in a 2×2 factorial design [34] . At a median follow-up of 36 months, dose-dense treatment with granulocyte-colony stimulating factor (G-CSF) support significantly improved both disease-free survival (DFS) and overall survival (OS). Utilizing an intense dose-dense sequential adjuvant chemotherapy, Möbus et al. [35] conducted a clinical trial in high-risk breast cancer patients with 4 or more involved axillary lymph nodes (median number of positive lymph nodes: n = 8). Patients were randomly assigned to receive intense dose-dense (idd) sequential epirubicin (E), paclitaxel (T), and cyclophosphamide (C) every 2 weeks, or conventionally dosed and scheduled EC followed by paclitaxel every 3 weeks. Recently, the results of this trial were updated. The authors confirmed that the previously reported survival benefit of iddETC was further increased and achieved an absolute difference of 10% after 10 years of followup. A further study reporting a significant advantage for dose-dense chemotherapy in comparison to conventionally dosed chemotherapy was conducted by the Gruppo Italiano Mammella (GIM), enrolling node-positive (median number of positive lymph nodes: n = 5) breast cancer patients. In the GIM-2 study, a significant survival advantage of dose-dense chemotherapy using EC followed by paclitaxel in terms of DFS and OS was found after a follow-up of 7 years [36] . Conversely, other trials in early breast cancer with fewer lymph nodes involved (median number of positive lymph nodes: n = 1 and 2, respectively) failed to show a significant survival advantage for dose-dense chemotherapy [37, 38] . A major difference between those dose-dense trials was the level of risk of the patients enrolled. Only trials enrolling patients with a high number of involved lymph nodes showed superiority of dose-dense regimens.
In conclusion, to better individualize adjuvant therapy in early breast cancer, a thorough understanding of the individual risk of a patient is necessary. Because of this, knowing just the nodal status (i.e., positive vs. negative) is not sufficient. The extent of axillary involvement should not be disregarded. This calls for an axillary dissection in patients with involved SLNs.
What is the Best Management of cN0pN1(sn) Breast Cancer Patients from the View of the Radiooncologist?
Birgitte Vrou Offersen
The status of the axilla in early breast cancer patients is of utmost importance. It is a strong prognostic factor and guides optimal locoregional and systemic therapy. From a radiation oncologist's perspective, there is currently a trend towards extending the indication of locoregional RT from patients with high nodal burden (>3 positive lymph nodes) to patients with only 1-3 positive nodes [7, 8, 39, 40] . There is Level 1A evidence of a 2.3 versus 17.8% locoregional recurrence risk at 10 years for patients with 1 macrometastasis randomized between locoregional RT versus no RT, and of a reduced overall recurrence risk (rate ratio 0.60, 95% confidence interval 0.39-0.92) [39] . Importantly, this risk reduction was seen independently of systemic therapy. More recent trials addressing the effect of locoregional RT including the internal mammary nodes (IMN) identified a spectrum of patients with medially located breast cancers (44% of the 4,004 patients included in the EORTC trial) or node-negative patients with high-risk features (the DBCG-IMN study) that demonstrated a benefit from RT even in the case of low nodal burden [7, 8, 40] . In the DBCG-IMN study of more than 3,000 patients all of whom were at high risk and had locoregional RT, patients with right-sided breast cancer received RT to the IMN, whilst left-sided patients did not. A significant OS gain of 3.7% was demonstrated at 8.9 years median follow-up for patients with RT to the IMN. A subgroup analysis explored if IMN RT could be safely omitted in any subgroups, but even in laterally positioned pN1 disease it could not be demonstrated that IMN RT was inefficient using OS as endpoint. Thus, even in low nodal burden, comprehensive locoregional RT is highly relevant. In the most recent St. Gallen consensus guideline, locoregional RT is therefore recommended if there is macrometastatic nodal involvement, although 'several Panel members' suggested during post-meeting discussions that adverse pathology should identify those patients with lower nodal burden requiring RT [41] .
It is very likely that certain subgroups of breast cancer patients with low nodal burden and no or few adverse risk features do not benefit from locoregional RT; these groups, however, must be identified through prospective randomized trials, some of them being already active. It is likely that cN0 pN1(sn) patients can be spared from axillary dissection. Among 17,265 breast cancer patients treated in Denmark between 2010 and 2015, SLN biopsy was performed nationwide as part of the Danish Breast Cancer Group (DBCG) standard procedure which includes preoperative ultrasound [42] . Among these cN0 patients, 21% had one or more macrometastases in the SLN and therefore underwent axillary dissection. In 1.4% of the patients, macrometastasis was identified in non-SLN during SLN biopsy, indicating good performance of the technique. Among those patients with SLN macrometastases, 80% had 1-3, 14% had 4-9, and 6% had 10 or more macrometastases. High nodal burden was associated with lobular cancer, age > 50 years, large tumor size, and grade 2-3, whereas ER and HER2 status were of no importance. This high rate of residual nodal burden is a strong indicator that results from high-quality randomized trials are strongly needed. In the DBCG guidelines, the nodal burden is important not only for the decision on locoregional RT but also for offering chemotherapy. Thus, if the axilla is misclassified as pN1 in 20% of patients with macrometastases in the SLN (because they truly are pN2-3), a proportion of these patients will not be offered relevant chemotherapy.
To provide the best management of patients with pN1 disease, comprehensive locoregional RT is recommended [43] . This includes using modern radiation facilities to obtain a homogeneous dose distribution in the target volumes that are clearly defined and delineated according to the ESTRO target volume consensus, respiratory control during RT, and informing the patient about the risks from continuing smoking if she is a smoker [44] [45] [46] . The risk of late radiation-induced morbidity after modern RT is no doubt less than described in previous reports from patients treated decades ago. Certainly, there is still a risk of serious late effects like heart disease and secondary lung cancer. These morbidities, however, occur late, and are only possible if the patient has survived the breast cancer. Therefore, life-saving RT should always focus on limiting dose to organs at risk including heart and lungs.
The dream scenario is to predict benefit from locoregional RT based on the biology of the primary tumor, and potentially be able to identify up to 25% of a high-risk cohort where locoregional RT can safely be omitted irrespective of nodal status [47] . However, until further evidence supports this strategy, comprehensive locoregional RT is recommended in all node-positive breast cancer patients, including those with cN0pN1(sn).
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